INTRODUCTION
and James (1965) have shown that the placenta of a mouse is larger if the foetus is antigenically incompatible with the mother (i.e. if the mother would reject skin grafted from an individual of the foetal genotype) than if it is compatible. Assuming this to confer a selective advantage on incompatible foetuses, Clarke and Kirby (1966) showed that a balanced polymorphism can be maintained at a histocompatibility locus with two alleles. I will show that a balanced polymorphism with an indefinitely large number of alleles can be maintained if it benefits a foetus to elicit an immunological reaction from its mother.
ANALYSIS
Consider a locus with n alleles, a1.. . aj. . . a, with population frequencies .JIj. . .j,,. A foetus is incompatible with its mother if it possesses an allele not present in the mother. Let the relative fitnesses of compatible and incompatible foetuses be 1 -s and 1, respectively.
If a sperm carries the allele a1, and the mother has the genotype ajaj, the zygote will be compatible if i = 1 or j = 1 or both. The probability that an a1 sperm will enter into a compatible zygote is therefore 1-(1 p1) 2, or 2p1 -p.
If an egg carries the allele a1, two cases must be considered: I. The female is a1a1. The probability of this, given that the egg is a1, is p1. The zygote is compatible if the sperm carries a1. The probability of both these events occurring is p.
2. The female is a1aj (i 1). The probability of this isj. The zygote is compatible if the sperm carries a1 or at; the probability of this is P1 +Pi.
The net probability that an egg carrying a1 will become a compatible zygote is the sum of these, with the probabilities in case 2 summed over all values ofi 1; i.e. p + 2 (p1p+p), or p1-p + 2p.
The mean relative fitness of the allele a1, i.e. the weighted mean fitness of all zygotes into which a1 enters, is the unweighted mean of the fitnesses of the zygotes into which a1 is carried by a sperm and those into which it is carried by an egg:
The mean relative fitness of the population is: = 1-s which is a maximum if all alleles are equally frequent.
As any allele of less than average frequency has more than average fitness, and vice versa a balanced polymorphism can be maintained. At equilibrium, all alleles will be equally frequent. If the population is at equilibrium with n alleles, an additional allele ax introduced at very low initial frequency has a selective advantage,
which is a decreasing function of n. Similarly, as the number of alleles in the system increases, the selection coefficients tending to restore them to their equilibrium frequencies after a disturbance decrease. If new histocompatibility alleles often arise by mutation, one would expect the number of alleles in the system to increase until the selection coefficients became too small to counteract random sampling effects. The system could then persist indefinitely, with its gene frequencies varying almost randomly, but with selection acting to incorporate new mutant alleles into the population whenever any were lost by chance. In this state, it would be hard to distinguish the system from a system of selectively neutral alleles.
3. SUMMARY 1. A polymorphism involving many his tocompatibility alleles could be maintained if the foetus benefits from an immunological reaction against the placenta by the mother.
2. Clearly, such an explanation can apply only to mammals and as histocompatibility polymorphisms are widespread in all vertebrate classes, some more widely applicable explanation remains to be found.
